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Previously, DDAVP intranasal (IN) Rhinal Tube and Nasal Spray (Rhéne-Pouienc Rorer
Pharmaceuticals) ‘were approved under NDA 17-922 by the Agency for treating Central
{cranigll Diabetes Insipidys (CDI) an and DDAVP
intravenous (V) Injection was approved under NDA 18-938 for treating hemophilia A and
CDI. Howaever, for NDAs 17-922 and 18-938, they were ngt reviewed by the Division of
Biopharmaceutics {(DB) prior to their approval.

The original submission for a new to be marketed DDAVP oral tablet dosage form was filed
under NDA 19-955 on 02/06/89 by Rhéne-Poulenc Rorer Fharmaceuticals. The firm wanted
approval for 0.1 and 0.2 mg tablet strengths. The new tabiats are to be indicated similarly
for treating CD1 and the proposed usual dosage range is 0.1 to 0.2 mg, t.i.d. but doses up
to 0.4 mg can be given t.i.d. depending on titration r.zeds.

The submission (NDA
19-S55) was, however, withdrawn on 12/26/89 because information/data at one of the
pivotal study sites was "not available for audit”. At that time the bioreview had been
completed (dated 12/12/89) and an FDA letter was communicated to the firm on 01/11/90.
in the FDA letter, there were 6 comments regarding the biopharmaceutics (Bic) portion of
the submission. In addition, there were 2 comments regarding the dissolution test results
that were submitted on 05/10 and 09/11/89. A meeting was held on 01/26/90 between
the firm and the Agency to follow up on the Bio comments. A further discussion was held
on 04/19/90 tao discuss the studies that would be needed to fulfil the NDA Biv requirements.
In the meeting two protocols for additional biostudies were presented by the firm and the
Agency ‘eit that the proposed protocols seemed 10 be reasonable for meeting the Bio
requirements. However, according to DB’s drug review file, one of the protocols (Na. RG
£4063-101) was submitted tc the Agency on C7/16/90 but it was not formally reviewed I\
by DB {dated 08/23/90) since the study had been initiated at that time, and for the other
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protacol (No. RG 84063-102), however, there is ng record of ever receiving the protocol for
revisw.

Note: The firm indicated (01/26/90) that the n2w to be marketed tablet formulations were
different from the old formulations ussd in the clinical studies and that the old
formuiations needed to be changed because there were problems trying to make full-
scale production batches. In the follow-up meeting dated 04/19/90 beiween Rhéne-
Poulenc Tlorer, HFD-510, and DB, DB raised a concarn of the lack of demonstration
of bioequivalency butween the old clinically tested tablet formulations and the new
to be marketed formulations. HFD-51G indicated that there was ngo need for tha
demonstration of bioequivalency between the clinical and the to be marketed tablet
formuiations tacause the safety and efficacy of DDAVF has already been established.
Therefore, HFD-510 indicated that only & description of bioavailability of the to be
marketed product in addition to the previously submitted ciinical studies weuld satisfy
the need for clinical data for approval of this appfication.

Submitted for review on 03/13/92 were the firm’s responses to two Agency comments on
dissoluticn and the results of the two pivotal biostudies entitied "An Open-Label
Pharmacokinetic Comparison of Desmopressin Acetate Administered by Oral and Intranasal
Routes” |A dose proportionality study; Study 1, protocol No. RG §4063-101j and "An Open-
Labe: Pharmacokinetic Comparison of Desmopressin Acetate Administered by Oral and
Intravencus Routes™ [A formulation uniformity study; Study 2, protocol No. RG 84063-102].

Gtudy 1 used 36 noimal healthy male volunteers and this was a multiple-dose, 4-way
crossover, balanced. randomized, Latin square study design with a washout period of 4.67
days. Oral t.i.d. doses of 0.1 mg (Treatment C}, 0.2 mg (Treatment Aj, and 0.4 mg
{Treatment D) plus IN t.i.d. doses of 0.01 mg (by rhinal tuhe, Treatmen: B) were given ug
to the Bth dosse at which the firm assumed that the steady state had been achieved. The
pharmacodynamic (PD) data, e.g., increase of urine osmolality and decrease of urine output
from baseline, were obtained from the water-icaded volunteers during the 6th dose (on the
3rd day at 1500) and the pharmacokinetic (PK) 1ta, e.g., plasma DDAVF levels. AUC (area
under the plasma concentration-time curve), L,,, (peak plasma concentration), and T,
(peak time to reach C,,,), etc. were obtained trom the 8th dose (on the 4th day at 700)
during which the volunteers ware not water-loaded. A PK/PD analysis was gnly condugcted
tor the 0.4 mg dosing regimen {Treatment D).

Note: Cn 12/21/92, 01/08/93 and 02/03/93. D5 recommended that PK/PD analyses be
~ < ‘ormed for the 0.1 and 0.2 g dosing regimens by the fitm. The firm indicated
¢+ 02/19/93 that it did not analyze #K/PD relationships for the 0.1 and 0.2 mg doses
-ud, therefore, no analyses have been forthcoming.

In Study 2, a single dose of 1 x 0.2 mg tablet (Traeatment B), 2 x 0.1 mg tablets (Treatment
C). or 0.002 mg IV (Treatmsnt A) was given to 36 healthy male voiunteers in a balanced,
randomized, 3-way crossover study design with a washout period of 2 days. Similar PK
parameters were caicuiated but ng PD data were obtained.




The firm provided mean PK parameters with statistical anzlyses based on un- and/or log-
transformed data for assessing i) dose-nroportionality of 0.1, 0.2 and 0.4 mg {(using the tv
be marketed 0.1 mg tablets), ii) reiative bicavailability (F,,) compared to the 0.01 mg IN dose
(Study 1), iii} bioequivalence betweean the two to be marketed tablet strengths of 0.1 and
0.2 mg, and iv) absolute bioavailability (F,,) compared to the IV 0.0C2 mg dose (Study 2).

The results obtained from the two one-sided tests procedure with 30% confidence intervals
(Cl) for AUC and C,,,, values showed that i) the oral doses ranging from 9.1 to 0.4 mg, were
not exactly dnse-pronnrtional using dose normalized data and ii) the 0.1 and 0.2 mg tablet
strengths ware not biocequivalent. However, whan using mean AUC values that were not
normalized for dose they suggest that there might be dose proportionality among 0.1, 0.2,
and 0.4 mg daoses. The intersubject vanations were, however, found to be very large for
both studies. Based on the mean nurmalized AUC values, the F _ for the oral doses was
calculated to be around $% compared to the IN route, and the F,, of the two tablet
strengths was calculated to be about cnly 0.15%. The T, ranged from 0.9 to 1.5 hr
inJicating that the oral absorption of DDAVP tablet could be fairly rapid. The mean T,,
obtained from the IV administration (Study 2) was found to be 2.24 hr which is much larger
than that (4 to 15 min) of endogenous vasopressin. According to an unpublished clinical
report submitted by the firm, the oral absorption of DDAVP tablet (using old clinically tested
formulaticnl, was pnot affected by food {breakfast) intake 1 hr prior to dosing in a single-dose
crossover study using 11 normal voluntears.

For the PK/PD analysis, a plot of the mean urine osryolality increase vs. mean plasma
DDAVP concentration following the 0.4 mg oral duse, presents a counterclockwise
hysteresis. A time lag exists between the T, (0.9 te 1.5 hr} and the maximat effect of
increase in urine osmolality (3 to 4 hr). More information on PD data analyses provided by
the firm and carried out by this 1eviewer, are covered under Genural Comments of this
bioreview. Among the 3 oral doses of DDAVP tabiets studied (Study 1), the 0.4 mg dose
is seemingly the most pharmacodynamically similar to the 0.01 mg IN dose in water-lcaded
healthy volunteers. However, large intarsubject variation in PD responses was observed for
all treatments and thearefo.e, the package insert (Pl) indicates that each patient with CDl and

should be titrated individually to his/her optimum therapeutic dose. Finally, there was
ng metabolism study for this drug conducted in man. Since for the two studies described
in this submission used a radioimmunoassay (RIA} method, it can not ruled out that there
may have heen ciossreactivity for unknown metabolite(s) with the antiserury used to analyze
collected plasma sarnpies.



RECOMMENDATION:

The DB has reviewed the two biostudies of DDAVP that were filed under NDA 19-955 on
03/13/92 and finds them to be acceptable as a result of the PD data that were submitted
in conjunction with the PK data which may be somewhat iess than accurate due to assay
specificity concermns. The reviewing medical officer should review the General Comments
(pags _14) and the Labelling Comments (page 17). The Labelling Comments and the
dissolution meathod and spacification shown below should be sent to the firm. Prior to
apprcval, DB would like to see the Labelling Comments appropriately addressed by the firm.
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Apgendix 2:

Appendix 2 contains additianal tables, figures and attachments described in this biareview,
plus more detailed data/information such as assay validation, data analyses (PK, PO, and
statistics), and individual subject data as well as the tirm’s responses to different telecons
heid between the Agency and the firm. This information is being ratained in DB and can be
obtainad upon raqueat.

L BACKGHROUND:

DDA'VP {desmopressin acetate), is a synthetic analog of naturally cccurring pituitary
nonapeptide antidiuretic hormona (ADH]. i.e., 8-L-arginine vasopressin, which affects
renal water conservation. In the desmopressin molecule there are two changes made
accarding to the native protsin, i.e., deamination of the N-tarminal in position 1 and
replacement of 8-L-arginine by 8-D-arginine. The firm claims that these modifications
result in a decreased vasopressor action and decreased action on visceral smooth
muscle refative to the enhanced antidiuretic activity. It is also reported by the firm
that DDAVP has a longer duration (longer hali-life) and potency of antidiuretic activity
but is virtually devoid of other effects of the natural hormone. However, DDAVP is
ineffactive for the treatment of nephroger:ic diabetes insipidus.

in addition to DDAVP Rhinal Tube and Nasal Spray (NDA 17-822) and DDAVP
Injection (NDA 18-938), a single-use diagnostic kit ot DDAVP (solution for nasal
spray; Concantraid) that is intanded for testing the renal concentration capacity, was
approved under WDA 19-766, but ng PK/Bio data were provided (bioreview of
01/25/90).




SUMMARY OF BICAVAILABILITY/PHARMACOKINETICS/PHARMACODRYNAMICS:

1.

i i \Y
Absolute/Relative Bioavailabilities:

Note: For DDAVP following oral or IN t.i.d. dosing in the multiple-dose
study (Study 1), AUC,, was calculated using the trapezoidal
rule for the last steady-state dosing interval {the 8th dose) and
T,,» was calculated from the apparent terminal phase after the
last dose. However, most of the drug concentrations dropped
below the minimum quantifiable limit (MQL) prior to tha 8t hr
sampling tirne. For the single-dose study of DDAVP tablats vs.
iV administration (Study 2 which was condu .ted at a fferent
clinical sita), AUC,.,, was calculated and used in PK analysas.
However, prior to the 16th hr sampling time. most of the drug
concentration levels dropped below the MQL.

From Study 1, the F values basec on the mean values of AUC,, of
the 0.1, 0.2, and 0.4 mg oral duses, were estimated to be 4.6%,
5.6%, and 6.0% , respaectively, as compared to the 0.01 mg IN dose.
From Study 2, tha values of F,,, based or« the mean vaiues of AUC, ,,
tor the 2 x .1 end 1 x 0.2 mg tablets relative 10 the 0.002 mg IV
dose, ware 0.13% and 0.16%, raspectively. The F,, values for these
oral tablet streng hs are reatly small indicating that DDAVP is unstablg,
highly susceptib's to enzymatic degradatic ' in the gastrointastinai
wract, highly meatabolized due to the first-pass effect and/or is poorly
absoroed. The firm reported that DDAVP is somewhat resistant to
proteolysis by stomach enzymas because tha molacule does exhibit an
sffuct and it is measurable by RIA in the glasma foliowing oral
anministration.

Nate: n light of the extremely low F,,, values, the firm was requested
on 12/03/92 to provide information on the effect of food on tha
oral absorption of DDAVP tablets. However, the firm indicated
that after a literature search, it couid not find any articles. On
01/22/93, the firm submuitted a clinical report (not pubtished)
regerding the influence of food intake (breakfast; two pieces cf
toast with butter and cheese, one boileo egg, a glass of mik
and a cup of coffee) on the oral absoiption of DDAVP 0.1 and
0.2 mg tabiets (old chinically tested formulations) in a crossover
study using normal voiunteers (n = 11) that had been submitted
in the onginal NDA submission {Attachment 1). That report
concluded that based on PD data of urine volume rdecrease
and/cr urine osmolality increase (nQ plasma drig profiles
provided), breakfast given 1 he prior ta dosing did not affect the
oral absorption of DDAVP 0.1 and 0.2 mg tab'ats.
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Based on the mean values of untransformed normalized (to 0.4 mg
dose) AUC,, and C,,.. the results of two uone-siced tests with 90% Cl
showed (Study 1) that the Cl's did not fall within 80 to 120% in all

cases as shocwn below:

Treatment C . A D P
(1 x0.1mg) (2x0.1mg) {4 x 0.1 mg) value
AUC,4 14.5¢ 35.8 75.5 0.0876°
{pg-hr/mi) (74.9%°) {68.7%) {67.4%)
normalized® 58.0 71.7 75.5
Ref 100-147% 107-153%
(p=0.100% (p=0.036")
Ref 86-124%
{(p=0.639)
F. 4.3% 5.6% 6.0%
Crrex 16.5 16.3 29.5 0.325
(pg/mi) (292%) {60.3%) (63.8%)
normalized® 65.9 32.6 29.5
Ref 219-117%  -23-112%
(p=0.216) (p=0.178)
Ret 87-228%
{(p=0.909)
T max 1.48 0.88 0.98 0.393
{nr) (175%) (36.3%) (33.6%)
~ Original values reported before being normalized.
v, P value for the comparison of all 4 treatrnents in the data set by
ANOVA.
°, Coefficient ot Variation (CV) in %.
‘, Normalized to 0.4 mg dose.
- P value for the contrast from the crossover ANOVA model
{TABLE 1).

' Compared to the 0.01 mg IN dose
Statistically significant with p<0.05.
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Note: Nolog-transformed data were provided for Study 1, since AUC,,
s was found to be “"zero” for subject Nos. 13 and 15 after 0.1
mg CDAVP administratiorn.

A graphical rapresentation of the AUC,, vs. dose is depicted in Figure
1. The slope of the regression line is significantly different from zero
{P =0.0001) and the intercapt of -£.2 is not significantly different from
zero (P=0.106). However, the tirm reported that tha linear
relationship between AUCs and doses is weak.

The proportionality ratios 1mong the 3 doses were also analyzed by
this raviewer and the results are summarized balow:

i. AUC Ratio  Theoretical Calculated
a/C 2 2.47 o
D/C 4 5.21
D/A 2 2.1
il C.wx Ratio  Theoretical Calculated
AlC 2 0.888
D/C 4 1.78
D/A 2 1.81

at.

Thaea racnlts indizoil thatl vial aunnnisuation ot UUAVP appears 1o be
generally proportional over the dosage range (0.1 to 0.4 mg) according
to mean AUC values. The czlculation of mean C,,, for 0.1 mg dose
included an outlier # 22 (with a C,, of 294.888 pg/mlat T, of 16 hr)
as reported by the firm. When excluding the outlier # 22, the mean
Coax £ SD (n=35) was 8.52 + 5.99 pg/mi with a CV of 70.4% and
mean T,,, was 1.06 = 0.73 tw with a CV of 68.4%. The values of
CV% are now close to that of uther parameters. Thersefore, C_, ratios
being less than tha theoretical ones is most likely due to the outlier #
22.




ivalen

From Study 2, the results of analysis using the two one-sided tests
procedure with 9C% Ll analysas foi both untransformed and log-
transformed AUC,,, and C,,, values of the biolots are summarizad

below:
Treatment 2] C
{1 x 0.2 mg) (2 x 0.1 mg)
<Test> < Reference >
AUC, s 30.5 24.1
{pg-hr/ml} (104 %") {77%)
<26.5% t>° B
i. Untransformed 85-157% Ref
“FAIL"
{(p=0.163°
ii. Log-transformed 83-145% Ref
"FAIL"
Fate 0.13% 0.16%
Crrax 15.0 13.2
{pg/mil) (93%) (85%)
<13.6% t>
i. Untransformed 94-133% adeld
"FAIL"
(p=0.2562}
ii. Log-transformed 93-12%% Ref
“FAIL"
(p=0.357)

Note:

CVin %.

Percent difference in means, i.e.,

{Test-Referance}/Reference- 100%.
Not statistical significance with P>0.05.

The firm submitted the above data without inclusion of subject

Nao. 63. The firm claimed that the subject No. 63 is an outlier




{possibly due to a switch/mislabeiling for the kicou samples
collected from tha Treatments A and B,.

Since the conternt unitormity for the 0.1 mg tablet biolot was lass than
that of the 0.2 mg tablet biciot {33.1% vs. 102.3%; a 9.9%
diffarance;, this reviewer recommended on 12/03/92 that the firm take
into account the differerce in content uniformity of the two strengths
and reanalyze the above data. However, the firm indicated on
12/09/82 that the results did ngt change the conclusion of
bioinequivalence between the tablet strengths. Therefore, the above
results indicate that the 0.1 and 0.2 mg tablet strengths are nog
bioequivalent based on untransformed or loy-transtarmed data
analyses.

PHARMACOKINETICS: -

The PK parameters were calculated by the nuncompartmental method (details
in the PK section of Study 1, Appendix 1}, The mean {with CV%) PK
parameters obtained from Studies 1 and 2 are summarized in TABLE 2 and
mean plasma drug concentration-time data are summarized in TABLES 3 and
4. Mean plasma profiles were shown in FIGURES 2 and 3.

Large CV% for the mean AUC and C_,, values (Study 1) indicates that there
is a large degree of intarsubject variabiiity. The CV % obtained from Study 2
was found to be even larger. T T, values for oral tablets ranged from 0.9
to 1.5 hr with a relatively small CV% and were ngt statistically different
(p=0.392, TABLE 3}. Most of the plasma samples collected for the C_,,
determination had plasma drug concentrations below the MQL of 2.8 pg/mi.
Therefore, a valid statistical analysis of C,,, for assessing steady state was
ngt available. The mean values of T,,, ranging from 1.61 to 1.69 hr. wera
indeed onratty cancictest Guny v ang N administrations (Study 1).
Howaevaer, thiey were smaller than that obtained from IV, 2.24 hr {Study 2,
TABLE 2).

The firm reported that from Study 2, the T,,, could not be calculated based
on the oral administration of 0.2 mg doses (under the same conditions and
using the same RIA method as for Study 1). It was found that the T,,,
obtained from Study 1, could have been underestimated, i.e., due to the
extremely small F,, values and the MQL of the assay method employed.
Therefore, the T,,, obtained from Study 1 may not accurately represent the
apparent termmal T,,, of this drug after oral and IN administrations.

Lastly, the MQL of the assay method related to the extremely small F,,, values
probably affects an accurate calculation of AUC for the 0.1 mg dose (Study
1). This would in turn limit an accurate AUC assessrment of the drug’s dose-
proportionality when the higher doses are compared to 0.1 mg dose AUC.
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METABGLISM:

There was no metabolism study of this drug conducted in man according to
firm’s responses dated 12/03/93 (Attachment 2).

POPULATION:

Studies 1 and 2 were all conducted in normal healthy male voiunteers. The
demographic information for the volunteers s provided in each study.

PHARMACOKINETIC/PHARMACODYNAMIC RELAT HIPS:

A timag lag of around 2 br was found between the T, of about 1.5 hr and the
maximal effect of urine osmolality increase at ahcut 3 to 4 hr. The firm
provided the PK/PD analysis of this drug following the administration of the
0.4 mg dose (Treatment D in Study 1) only (FIGURES 4 and 5). A plot of the
mean urina osmolality increase (during the 6th dosej vs. mean plasma DDAVP
concentration for the times froam O to 6 hr (during the 8th dose), presents a
counterclockwise hysteresis (FIGURE 6).

FQRMULATION D DOSAGE ED:

0.1 mg tablet 0.2 mg tablet

DDAVP (free base) 0.089 mg 0.178 mg
Lactose |
Potato Sta:ch
Povidone (USP)
Mr Stearate

The 0.1 and 0.2 mg tablets did not hawva the same ratio of active/inactive
ingredients, but they had exactly the same amounts of inactive ingredients
(Attachment 3). On 03/23/93, the tirm was requested to provide the
formulation used in the clinical studies and it is included in Appendix 2.

The information on DDAVP dosages used in Studies 1 and 2 is summarized
below:

Study 1:
Treatments C, A, and D: 1 x 0.1, 2 x 0.1, and 4 x 0.1 mg, respectively

DDAVP 0.1 mg tablets: Lot Ne. 9007179 (Ferring Lot No. QES229)

Production size batch: 100,000 (20% of full-scale production size)
Content uniformity: 93.1 x 2.1% {n=10)
Date of manutfacture: 05/16/90
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Commercial Equipment: Yes
Site of Manufactura: Ferring Pharmaceuticals, Malmo, Swadan

Treatment B: (.01 mg of DDAVP in 0.1 m! solution through IN rhinal tubes
DDAVP 0.1 mg/mi solution: Lot No. 9003038 (Fernng Lot No.

PEB593)
(Currently marketed; 2.5 ml/vial)

Study 2:

Treatment A: 0.002 mg of DDAVP in G.5 ml solution given by
intravenous injection.

DDAVP 0.004 mg/ml solution: Lot No. 9003037 (Ferring Lot No. PK8860)
(Currently marketed, 1 ml/ampule and 10 mil/vial)

Treatmeants B: 1 x 0.2 mg tablet given orally

DDAVP 0.2 mg tablets: Lot No. 3007180 (Ferring Lot No. QE9230)
Content uniformity: 102.3 £ 2.9% (n=10)

Production size batch:

Date of manufacture: 05/28/90

Commercial Equipment: Yes

Site of Manufacture: Ferring Pharmaceuticals, Malmo, Sweden
Treatments C: 2 x 0.1 mg tablets given orally

DDAVP 0.1 mg tablets:  same Lot No. 9007179 (Ferring Lot No. QE9229)

Notes: 1. According to the firm's response (03/13/92} to an FDA letter

dated 01/11/90, the proposed full-sale production size batch
will be set at {(Attachment 4).
2. The information on content uniformity of the tablet strengths

was requested by this reviewer on 11/24/92 and the firm
submitted the information on 12/03/92 (Attachment 2).

3. Minirin® is the brand name of desmopressin (DDAVP) for nasal,
intravenous and oral products that are currently marketed in
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Europe anu some other countries. Minirin® has the identical
tformulations as that to be marketed in the US.

S T

The firm’s responses (with dissolution test results) to 2 Agency comments on
dissolution {dated 01/11/80), were provided in the submission dated 03/13/92
(Attachment 4). However, the methodology employed was ngt clearly stated,

Note: Currently there is po USP or FDA dissclution specification available for
DDAVP tablat.

From the tazbles and figures the firm provided using Study 2 biolots
(Attachment 4), it was shown that i) DDAVP appeared to be stable in various
pH environments (e.g., simulated gastric fluid without enzyme, distilled water,
and simulated intestinal fluid without enzyme; from ph 2.86 to 8.28) and ii)
the 0.2 mg (whole) tabiet had a relatively fuster rate and greater extent of
dissolution compared to the 0.1 mg (whole) tablet .n all madia.

Note: Since in the preposed Pl, the firm indicates that broken tablets (1/2 of
0.1 mg tablet) can ba given as a lowar starting dose tor pediatric use
and that tablet dosage should be increased or decrea. ~d (1/2 tablet) as
needed to obtain adequate antidiuresis, this reviewer requested
dissolution data of broken tablets of both 0.1 and 0.2 mg tablet
strengths on 11/02/92. On 01/14/93, the firm submitted the results
of dissolution tests of whole and broken 0.1 and 0.2 mg tablets
{Attachment 5). It is also summarized in TABLE 5.

ALLUIUIIY LW LT UISSOILTION 1EST TeSUITS Submitted on U1/14/93 tor the same
biolots that were previously tested (Attachment 5}, the broken 0.1 and 0.2
mg tablets gave similar dissolution profiles (rate and exterit) as the whole 0.1
and 0.2 mag tablets, i.e., no apparent difference between whole 0.1 and 0.2
mgq tablets, between the broken tablets or between the whole and broken
tablets (TABLE 5). However, the new dissolution results were somewhat
different from the previous data where the whole 0.2 mg tablets had a
relatively faster rate and greater extent of dissolution than the whote 0.1 mg
tablets (TABLE 5). On 02/09/92, this reviewer raised the concerns on the
different dissolution profiles obtained from the two tests. The firm submitted
its responss on 02/19/93 (Attachment 10} and indicated that the difference
was due 10 the use of solid-phase extraction cartridges to collect dissolution
samples. However, the firm’s explanation was ngt very convincing.
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8.  SAMPLE COLLECTION:

Please see blood sample collection and treatment in details in each study in
Appsendix 1.

8.  ASSAY:

Plasma samples vwere stored up to 247 days. Priur tc assay the samples were
tirst precipitated followed by extraction and evaporation procedures. Drizd
extracts were stored at -20°C until reconstituted prior to assay. The study
samples, buffer controls and extraction controls were analyzed in duplicate.
The information on assay specification, validation, was provided in the assay
section of each study. The dstailed assay validation report is located in
Appendix 2.

For the two studies, an RIA method was used. However, since ng metabolism
information was provided, the crossreaction of a metabolitels), if existing,
with the antiserum could potentially occur. Additionally, *non-zero” baseline
values (prior to the first dose, i.e., at -56 hr} were found for some of the
subjects for all treatments in Study 1.

Note: In a telecon held on 11/24/392, the issue of the "non-zero”™ baseline
values was raised by this reviewer. On 12/02/92, the firm indicated
that the samples with non-zero values at baseline had been reassayed
and the values were consistent with the previously reported values.
The firm believes that the non-zero values at baseline are due to
processing error, e.q., mistake and/or contamination but unlikely to be
due 1o crossreaction by a metabolite(s).

10. DATA ANALYSIS:

riease see e ¢ata analysis section of each study for detailed PK, statistical,
o1 PD evaluation information. [t shouid be noted that in the analysis of PK/PD
relationships (Study 1), the PD data were obtained from the water-loaded
volunteers during the 6th dose while the PK data were obtained from
volunteers not being water-loaded during the 8th dose. The firm, however,
assumed that the inter-/intra-subject variations and the PK profiles obtained
for the 6th dose would be similar to that from the 8th dose.

1. GENERAL COMMENTS (Need not to be sent to the firm):

1. On 01/08/93, a telacon was held between DB and the firm where statistical
analysas (ANTVA] for the comparisons of PD parameters (Study 1) were
requested, & ivine volume decrease, maximum urine osmaolality increase,
and AUC o  ¢sinolality increase from baseling vs. time amaong the oral
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doses a2nd the IN dose. On 01/22/93, the firm submitted a supplement to
address tha Agency’s concerns {Attachment 1).

The firm indicated that for the 0.2 and 0.4 mg oral dosas, although tha PK
data were statistically significantly different, the PD analyses showed that
there was only 8 10 to 15% difference betwsen the 0.2 and (.4 my oral
doses and that they are nct statistically different from the 0.01 mg IN dose.
The firm further indicated that when using the two one-sided t-tests procedure
with 97% Cl on the PD parameters (Attacament 1), the 0.2 and 0.4 mg doses
were all within a range of 8C to 120% of the mean values of the PD
paramaters obtained from the 0.01 mg IN dose (Attachment 1). Therefore,
the 0.4 and 0.2 mg oral tablet doses ware considered to ba pharmaco-
dynamically equivatlent to the G.01 mg IN dose. The iiun, howaver,
emphasized that dosing the patiants with CD! should be titrated on an
individual basis.

Between Q2/17 and 2/13/93, the tirm submitted further PD data analyses for
the 0.4 mj oral dose and the 0.01 mg IN dose (Attachment 10). Ratio
analyses (75/125 rule) of the PD parameters between the 3 oral doses and the
IN dose were conducted by thic reviewer and the results of the ratio analyses
are summarized below:

Ratio Analyses on PD parameters for 3 oral doses vs. iN dose

Dose Parameters <0.75 0.75-1.25 >1.25

0.4 mg:
Max. Osmoilality 2/36" 30/36 4/36
{mOsm/kg) (5.6%)" (83.3%) (11.1%)
AUC Ul Cauwiaiily 7/90 1350 U/ 30
(mOsm-hr/kg) {19.4%) (52.8%) (27.8%)
Total Urine Vol. 3/36 27/36 6/36
{(m)) ¢ (8.3%) {(75%) {(16.7%)

0.2 mg:
Max. Osmolality 9/36 24/36 3/36
{mOsm/kg) (25%) {66.7%) [8.3%)
AUC of Osmolality 16/36 17/36 3/36
{mOsm-hr/kg) (44.4%) (47.2%) (8.3%)
Total Urine Vol. 10/36 24/36 2/36
im)) ¢ {(27.8%) (66.7%) {5.6%)
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0.1 mg:

Max. Usmolalicy  2G/38 16/36 0/386
{mOsm/kq) (65.6%) {14.4%) {0%)
AUC of Osmolality 30/3C 4/36 2/36
(mOsm-hr/kg) (83.5%) {(11.1%) {5.6%)
Total Urine Vol. 13/36. 21/36 2/36
(mi) ¢ (36.1%: (58.3%) {5.6%)
. Number of subjects out of tota! (36 subjects) with ratio values < 0,75,

between 0.75 and 1.25, and > 1.25.
B Percent of subjacts out of total within ratio catsgories.
From the above ratio analyses it seems that the oral 0.4 mg dose probabty is
the closest to the 0.01 m.g IN dose sased on total urine volume decrease and
maximum osmolality increase.

In an article published by Williams et al (Attachment 1), the authors concluded
that when DDAVP IN solutions (0.1 and 0.2 mg) ware given ¢ slly to water-
loaded normal voluntcars (n=5) and adult patients with CD! (n= 7} a marked
antidiuresis and mean urinary osniolaiilv increase in normal volunteers as well
as in adult patients with CD! was observed and that the oral DDAVP may be
useful for treating some patients witih CDI. Tne reviewing medical officer
concurred with the conclusion drawn ia this article.

Studied further and compared by this raviewer were the PD responses
reported in the article thy Williams et a(; Attar!.maent 1) and in Study 1. The
results of the comparisons are summarized in TABLE 6 and shown in FIGURE
7. For a 0.2 mg oral dose, the profiles of in2an UFR (ur'~e flow rate in mifhr)
vs. time for both waterdaadad narmal valiintonsee ond adule coio e G0 S0
reported in the article and the profiles {or the water-louded normal volunteers
(n=36) in Study 1 are comparable. However, 7 adult patients with CDI
showed somewnat a lesser change ot urine osmolality than that seen in 5
normals. For 0.1 mg oral dose, the water-loaded normal volunteers exhibited
similar UFR protiles for DDAVP IN soulution (0.1 my) given orally and for 0.1
mg tablets (TABLE 6 and FIGURE 7). The 0.2 mg dose tended to show a
more dramatic drop in UFR and it had « longer duration of action. Therefore,
based on the results of the above comparisons, it seems feasible that the
dyramic response relationships obtained from the normal volunteers could
possibly be extrapolated to adult patients wnh CDI at least far UFR.

ldeally, the firm should have ccllected PD data in addition to PK data in Study
2 so that PK/PD relationships for both the 2 x 0.1 and 1 x 0.2 mg tablets
could have been analyzed in order to better help assess the equivalence issue
between the 0.1 and 0.2 mg tablet strengths.
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However, since the PD anaiyses from Study 1 showed that there was only
about a 10 to 15% diffarerce in UFR and urine csmolality between a twofold
incr- + in dose (0.2 and 0.4 mg) and resuiting AUC, the 26.5% difference
YR JC betweean the 2 x 0.1 and 1 x 0.2 mg tablets obtained in Study
) would probably not result in big difference in PD responses.
wra  the statistical bioinequivalence seen between the 0.1 and 0.2

is probaily not a concern.

nother publishied article (by Vilhardt and Lundin, Gen. Pharmac. Vol 17,
lo. 4, 481-483, 1986: Attachment 6) it was concluded from a single-dose
study in water loaded normal volunteers (n =6), that a 0.02 mg (Not 0.01 ...g
as used in Study 1) IN dose is similar to that of 0.1 and 0.2 mg oral tablets
(p>0.095) in terms of maximum urinary osmolality increase. This conclusion
is seemingly in contrast to that obtained from Study 1. Under this
circumstance as raised in the P, titrating patients to their needs probably
requires close attention/observation by physicians initially when switching the
route of administration of DDAVP from IN solution to oral tablet and vice
varsa.

In a thiru article (by Westgren st al, Archives of Disease in Childhood, Vol. 61,
247-250, 1986; Attachment 7} it was concluded that based on the previously
IN dosing experiences in children with CDI {n=7) and the study in these
young patients using oral tablets, a linear correlation was found between the
daily IN doses and daily tablet doses (Figure 8 and Attachment 7) which may
provide a better reference/prediction for the maximum PD effects when
switching route of administration occurred for children with CDI.

V. LABELLING COMMENTS (need to be communicated to the firm):

Note:

A copy of revised package insert that was submitted on 02/19/93, is provided
in Attachment 8.

itIs recommenasa wnat tne chemical name and structure of DDAV, inciuaing
molecular weight, be provided in the description section of physical and
chemica: properties of DDAVP at the beginning of the package insert. This

change was requested by the reviewing chemist, but it did not appear in the

recently revised package insert.

The first paragraph in the package insert currently states “DDAVP
{desmopressin acetate) is an antidiuretic hormone affacting renal water
consarvation and is a synthetic analogue of 8-arginine vasopressin.”.

Since DDAVP is ngt an authentic endogenous hormone and since DLAVP has

two modifications in its molecuiar structure as compared to endogenous
hormone vasopressin (ADH), it is better 10 modify the sentence as follows:
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"DDAVP (desmopressin acetate) is a synthetic analogue of endogenous 8-
arginine vasoprassin which affects renal water conservation. DDAVPhas t vo .
changes in its molecular structure as compared to vasopressin.”

in the CLINICAL PHARMACOLOGY section of the package insert, the
following sentences should be added to the end of the 2nd paragraph: \

"The bioavailability of DDAVP oral tabiets is about 5% compared to intranasal
DDAVP, and about 0.15% compared to IV DDAVP., The time to reach
maximum plasma DDAVP levels ranges from J.9 to 1.5 hr following oral or
intranasal administration. The onset of anuiiuretic effect occurs at around 1
hr and it reachas a maximum at about 3 to 4 hr based on the measurement
of urine osmolality increase

In tha CLINICAL PHARMACOLOGY section of the package insert, the
following words (undeariined) should be added to the 6th paragraph for more
complete information as follows:

For the first sentence:
In ane study (21}, the pharmacodynamic characteristics of DDAVP during an ,\
8-br dosing interval at steady state after oral.....

For the second sentencae: tg

The dose administered to 36 hydrated {water-logded) healthy male aduit )

voluntears.....

Also in the 7th paragraph, addition of words (underlined) is recommended as
follows:

For the first sentonce:

With respective’ to the mean vawcs ~f totsl urine volume deggrease and \
maximum urine osmolality increase _from bageling, the 90%...... , when /A

compared to the 0.01 mg intranasal dose.

Under the subsection of Central Cranial Diabetss Insipidus, in the PEDIATRIC
USE section. the last paragraph currently states "Treatmaent with DDAVP
Tablaets ir adequately controlled studies ir

conducted for up tc 8 weeks.” should be moved to the end of the next
section * j In addition, it is
recomme:.Jed ¢5 provide the dosage range and strength of tablets used in the
adequately controlled clinical trials to support the approval of the tablat
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dosage form. The above information has been requested by the Agency on
12/03/92. .
WL aal
Unde- the subsection of Central Cranial Diaoetes Insipidus, in the DOSAGE '}
ADMINISTRATION section, the 10th sentence current! sta.cs "Tablet dosage ) 0 )
should be increased or decreased (1/2 tablet) as nee 10 obtain adequate
antidiuresis.”. It is pot clear as to whether 1/2 tablet . ©.1 or 0.2 mg is to u.v/
ba given. Therefore, it is recommended thut the firm revise the santence and

make it precise and clear. . !

Under the subsection of Central Cranial Diabetes Insipidus, in the DOSAGE A
ADMINISTRATION section, the 12th sentence currently states "During the 6"“
course of therapy, slight adjustrent in dosage may be necessary to
compensats for changes in food and water intcke.” Howaever, it is not clear g’ {(Q(Q..z
as to how to slightly adjust the dose and on what basis. According to an ;
unpublished clinicai report that was previously submitted, it was concluded d"“g’

that food intake di: not affact the oral abs:iption of DDAVP 0.1 and 0.2 mg
1ablets. J

On 04/06/393, the above concermn was raised to you (the firm) and on

04/07/33, you notified the Agency that you agreed to o *he entir
sentence.
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Table 1 Contrasts and 9% Confidence intervals for Cmay and AUC,.

Data Set Parameter P>F Contrast P> F* 90% Cl

et e —

! P value for the comparison of all treamments in the data set by analysis of
variance.
2 P value for the contrast from the crossover analysis of variance modzt,
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ithéne-Poulenc Rorer
ODAVP Tablets
NDA #19.955

TABLE ),
N VIVC STUDY SUMMARY DATA OF DDAVP (mesn cvX)

'IVOTAL STUDRIES

Route of
Administration  Dose Cmax Tmax AUGy, Kel 1]
‘tody # Dosage form (mg) (py/mb) (hr) (pg*hr/ml) (he'ly (hr) P (normalized)
)D-91-50 P.O. Ferring Tableis
Steady-State e C ocimptid  165(252) 1.48 (175) 14.5 (74.9) - — -
ose proportionality 0.2 mg tid 16.3 (60) 0.88 (36) 35.8 (68.7) 043 (49 1.61 -
.G 84063-101) P oamguLid. 295 (64) 058 (34) 755(674) 041 (49) 169
f‘w‘? 1 rhinyle tube & 001 mgtid. 17.8 (129) 1.56 (208) 31.6 (66.5) 0.42 (70) 1.65
‘D-91-51 P.O. Ferring Tablels AUG (¢
Absolute bioavailabitity Tx & 2x01mg 13.2 (85) 1.06 (33) 24.1 (77 - -— -
1d bioequivalency B 1xo2mg 150 (%) 1.05 (39) 305 (104)  — - -
G 84063-102) Lv.Inject. 4 0002 mg - - 1900 (17) 0.31 20) 214 0.16%

41«4:!_2
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TABLE 3 Mean and Cocflicient of Variation for PDAVP Raw Plasma Concentrations (pg/iml) and Derived Pharmacckinetic Parameters on Day 4 for All Four Treatments

Time A B TREATMENT € D ANOVA
(br) 02MGPO. %CV 001 MGIN. %CV 0.t MO P.O % CV 0AMGPO. %CV P>F
TR

033

050

[+ 3 33

10

128

1S

c ’

30

490

60

80

120

160

AUC(08 hr)
pgxhe/mi

Ceoux (pg/ml)
Tmax (hr)
kel (1)

T ‘A (hl‘)

1 p vatue for the globsl ANOVA (reatment efiect for the three ocal tablei treatments and the intranassl treatment (A, B, C, and D).
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Table4. Mean and Ce=fficient of Variation for DDAVP Plasma Concentrations
(pg/ml) and Derived Pharmacokinetic Parameters (excluding subject 63).

7 C

Time/ 0.002 mg IV 0.2 mg Tablet 0.1 mg Tablet x 2 ANOVA
Parameter  Mean CV(%) Mean CV(%) Mean CV(%) P > F!
300
0.08
0.17
0.25
Q.33
0.50
0.75
1.00
1.25
1.50
2.00
3.00
4.00
6.00
8.00
12.0
16.0

AUC(0-16 hr,
Cm

Tmax (hr)

kel (1/hr)

Ty

N R 3

! Comparison of 0.2 mg tablet to the 0.1 mg tabiet x 2
z (pg*hr/ml)
(pg/mi)
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D: 0.40 mg oral DDAVP
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TABLE b Dissolution Tests for 0.1 and 0.2 mg DDAVP Tablats

{03/13/92) {01/14/93)
Media: Distilled Water w/o enzymae w/0 enzyme Distilled Water
Time 0.2 mg* 0.1mg 0.2 mg 0.1 mg 0.2 mg 0.1mg 0.2mg C.1mg
(min) {Wt 2le) {Whola} {Whote} {Whole) {Haif)® {Whole) {Half)
5
10
}
1% -
3!\
60
_ A
. Batch Nos. of the 0.2 mg and 0.1 my DDAVP tablets used were QE 9230 and QE 9229, respectively.
b Based on the thecretical amcunt in each half after broken.

°, Standard deviation (SD).
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Urine Osmolality vs DDAVP Concentration
for the 0.4 mg DDAVP Dose

1,000
©
o 900
£
G 800
Ov
E
700
£
[5]
S 600
£
/2]
O 500
o
£
L 400
300

0 5 10 15 20 25
DDAVP (pg/mi)

. Oemolality ls Corrected for Baseline

Arrows show the direction of time




TAELE 6 Antidiuratic effect of IN solution of DDAVP after oral administration®

(n=5) {n=7)
pomal yolunteers dults with !
200 ug 100 »q 200 ug
Time (k) UFR® SO CV (%) UFR SD  CV (%) UFR SD CV (%)
0
i .
Z
3
4 -
5
6

Information obtained frorn a published article (Antidiuretic Effect and Pharrnacokinetics of Oral DDAVP: Studies in Adults and Children,
1886, hy Williams, T., et al., J. Clin. Endocrinof. Met. 63: 129).

Urine flow rate {mi/hr). All the data including standard deviation 'ware estimated from the graphs.



C\paq@
PU Rq £D



